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ABSTRACT 
Effect of Feeding a Viable Yeast Culture With or Without 
Aspergillus oryzae on Milk Production, Apparent Nutrient 
Digestibility, Rumina! Fermentation and Nutrient 
Degradability i n Holstein Cows 
by 
Daeyoon Kim, Master of Science 
Utah State University, 1992 
Major Professor: Dr. Ronald L. Boma n 
Department: Animal, Dairy and Veterinary Sciences 
Twenty-four early to midlactation Holstein cows were 
allocated to one of three treatments. Treatments consisted 
of: 1) basal ration plus 60 g wheat bran per day per head 
(control); 2) basal ration plus 57 g yeast culture per day per 
h e ad; 3) basal ration plus 57 g yeast culture plus 3 g 
Aspergillus oryzae per day per head. Feed intake and milk 
y ield were recorded daily and milk composition and body 
weights were recorded weekly. Feed and fecal samples were 
collected to determine apparent nutrient digestibility. No 
statistical difference was observed in milk yield among 
treatments. Percent fat, protein, and solid non fat of milk 
samples for the control fed group was significantly higher 
viii 
than the other treatment groups. Apparent crude protein, acid 
detergent fiber, and neutral detergent fiber digestibilities 
for cows fed the fungal culture treatments were significantly 
higher. 
Six rumen-fistulated Holstein cows were randomly assigned 
to one of three treatments in a 3 X 3 replicated Latin square 
design. Rumen pH was significantly lower for cows fed 
treatment two. Total volatile fatty acid and ammonia nitrogen 
concentration were higher for cows fed treatment two . 
Three rumen-fistulated Holstein cows were assigned one of 
three treatments in a 3 x 3 Latin square design for an in situ 
study . Approximately 15 g of grass hay, low quality alfalfa, 
and high quality alfalfa were sealed in nylon bags and put 
into the rumen. Samples were analyzed for dry matter, acid 
detergent fiber, neutral detergent fiber, and crude protein. 
Regardless of substrate used, dry matter disappearance was 
lower for control. Regardless of treatment ration fed, high 
quality alfalfa as a substrate was significantly higher in dry 
matter disappearance. 
(82 pages) 
INTRODUCTION 
Average milk production per lactation has been increasing 
for the last 40 years due to improvement in genetics, feeding, 
and overall management. In 1954, milk production per 
lactation for cows in the United States was 2575 kg (25) but 
in 1984, it was 5680 kg, and is expected to increase to 7425 
kg by the year 2000 ( 63) . Probably the most important of 
these improvements is the increased use of concentrates in 
rations. Moreover, high-producing cows in peak lactation 
require increased levels of energy in the form of higher 
concentrate diets. Concentrates have been used to increase 
the nutrient supply to lactating dairy cows since they contain 
more available for production than that of forages. 
However, dairy cattle fed high concentrate diets generally 
resulted in a lower ruminal pH, fiber digestibility, acetate 
propionate ratio, and a marked fat depression in milk (24). 
Therefore, it is deemed necessary to increase nutrient 
utilization of diets fed without upsetting the rumen 
ecosystem. 
Direct-fed microbial additives have been used to improve 
nutrient utilization, which results in improved production and 
fat content of milk ( 18) . Yeast and fungal cultures are 
thought to stimulate rumen cellulolytic populations that may 
otherwise be inhibited with increased feeding of high 
concentrate diets. Supplementing viable yeast in the diet has 
been shown to stimulate 
2 
rumen activity and increase milk 
production in lactating da i ry cows as a result of increased 
nutrient uptake. Hoyos et al. (43) reported that high-
producing cows fed diets supplemented with Saccharomyces 
cerevisiae, Streptococcus faecium, and Lactobacillus 
acidophilus produced 6% more milk than cows fed diets without 
supplementation. Kellems et al . (53) reported increased 3.5% 
fat corrected milk (FCM) in cows supplemented with fungal 
additives (Aspergillus oryzae). Cole et al. (16) reported a 
higher feed intake in calves fed yeast culture. Glade (28) 
reported higher palatability and acceptability of diets when 
mature American quarterhorses were fed a diet supplemented 
with yeast culture. Veum et al. ( 88) reported that yeast 
culture improved feed intake, daily gain, and feed efficiency 
in three hundred eighty-four crossbred weanling pigs. 
However, Arambel and Kent (6) reported no statistical 
differences in mean daily dry matter intake, milk production, 
milk composition and body weight when early to midlactation 
dairy cows were supplemented with a yeast culture. 
J 
OBJECTIVES 
The objectives of this study were 1) to determine the 
effect of supplemental viable yeast culture with or without 
Aspergillus oryzae on apparent total tract nutrient 
digestibility; 2) to determine the effect of supplemental 
viable yeast culture with or without Aspergillus oryzae on 
milk yield and milk composition of lactating cows; J) to 
determine the effect of supplemental viable yeast culture with 
or without Aspergillus oryzae on rumen fermentation 
characteristics; and 4) to determine the effect of 
supplemental viable yeast culture with or without Aspergillus 
oryzae on nutrient degradability of three different sources of 
hay in situ. 
In the last 40 
improvements have 
LITERATURE REVIEW 
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years, genetic, feeding, 
increased average milk 
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and management 
production per 
lactation. Improvement of average milk production is probably 
due to the higher proportion of concentrates fed in the diet 
(61). Moreover, the high-producing dairy cow in early 
lactation requires an energy dense ration to sustain the high 
level of production. High cereal grain, low forage diets 
supply more energy for these types of animals. The fibrous 
portion of the diet is also an important energy source for 
ruminants to derive energy. Deriving energy from cereal grain 
and starch is simpler than from complex fibrous structures. 
The digestion of starch mainly depends on the concentration of 
amylases of the small intestine. Ruminants derive energy from 
structural carbohydrates through hydrolysis by the 
microorganisms inhabiting the rumen. These microorganisms are 
Ruminococcus flavefaciens, Ruminococcus albus, Butyrivibrio 
fibrisolvens, and Bacteroides ruminocola (95). Elevated use 
of cereal grains in the diet of high-producing dairy cattle 
may have negative effects on the rumina! environment, and 
consequently lower structural carbohydrate digestibility 
(cellulose, hemicellulose) (92). Fiber digestion can be 
influenced by dietary and rumina! environmental conditions. 
5 
Dietary factors affecting fiber digestion are lignin content 
in fiber and physical form of the major fiber components (88, 
42). Changing the physical form of fiber by grinding may 
enhance its digestibility (59). Ruminal characteristic 
factors involving fiber are digestion associated with several 
reactions. Ruminal pH is the most critical factor that 
determines a suitable environment for microorganisms involved 
in fibrous structure breakdown. Ruminal pH can also be 
affected by salivation, feeding level, rumination, and feeding 
of cereal grains (87). A diet with a high proportion of 
cereal grain results in a rapid drop in ruminal pH followed by 
a negative effect on cellulose kinetics and microbial 
cellulase activity. Immediately after feeding, rumina! 
microorganisms attack new feed particles and rapidly colonize 
them. However, with the presence of starch or soluble 
carbohydrates (a competing substrate) microbial activity can 
be delayed or reduced (67). 
Forage to concentrate Ratio Effect 
on Fiber Digestion 
The largest response to supplementation of yeast culture in 
animal diets is obtained with diets containing both forage and 
concentrates. The negative associative effects of feeding 
diets high in concentrates have been extensively invest J.gated. 
Staples et al. (77) reported the effect of feeding different 
levels of concentrate on ration digestibility in growing 
steers. Steers were fed a mixed diet containing 50% cereal 
6 
grain at 100, 85, 70, or 55% of the ad libitum intake. As ad 
libitum feed intake increased from 55 to 100%, cellulose, 
hemicellulose, and dry matter digestibility decreased 
linearly. When steers were fed 100% ad libitum, dry matter 
digestibility decreased 8%, acid detergent fiber digestibility 
decreased 8%, and hemicellulose digestibility decreased 13%. 
Miller and Muntifering (60) studied the effects of high 
concentrate feeding on forage digestion using nylon bags in 
steers fed different levels of cracked corn. As percentage of 
cracked corn fed increased, fiber digestibility decreased. 
Feeding a high proportion of concentrate in diets may cause 
many negative associative effects, which include increased 
particulate rate of passage, decreased rumina! pH, and a 
reduction in the number of rumen cellulolytic bacteria and 
their activity. 
Rumina! pH Effect on Fiber 
Digestion 
Rumen pH has a major effect on fiber digestion. Rumina! pH 
can be influenced by dietary composition and feeding practice. 
Increased proportion of concentrate feeding can result in a 
lowered rumen pH shortly after feeding. Normal rumen pH is 
close to neutrality, whereas high concentrate feeding 
depresses pH below 6. 0, which can negatively influence on 
rumen microorganisms involved in fiber digestion. Terry et 
al. (80) reported that highest in vitro fiber digestion 
occurred at pH 6.8. Slyter et al. (76) fed a high concentrate 
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diet to steers and found that cellulolytic bacterial numbers 
were decreased when rumina! pH dropped to 6.0. Esdale and 
Satter (23) observed that ruminal acetate production decreased 
when pH went below 6.2. As rumina! pH drops below 6.2, rumen 
microorganisms and their activity are altered. Using an in 
vitro system, Stewart (78) demonstrated that cellulolysis was 
inhibited by over 50% when pH dropped below 6.5. Isaacson et 
al. (49) reported that depression in fiber digestibility was 
directly correlated with length of time that ruminal pH was 
depressed. 
Factors Affecting Rate of 
Ruminal Digestion 
Ruminal output or flow can be divided into two different 
fractions. Liquid flow from rumen to omasum is often called 
"dilution rate" whereas particulate flow is called 
"particulate rate of passage." Increased use of concentrates 
may result in a slower rumen fluid dilution rate (16). Estell 
and Galyean (24) observed a positive relationship between 
fluid dilution rate and rumen acetate concentration. In their 
trials, cattle fed high concentrate diets had lower fluid 
dilution rates and acetate concentration whereas propionate 
levels were higher. Evans (26) reported that fluid passage 
rate was expected to increase as dry matter intake increased. 
Grovum and Williams (34) observed that elevation in dry matter 
intake resulted in increased particulate rate of passage. 
Rogers and Davis (72) reported that feeding high cereal grain 
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diets resulted in lower rumen fluid dilution rates when 
compared to cattle fed all forage d i ets . Warner (91) reported 
that fluid dilution rate was greater for cattle fed diets 
containing a high proportion of forage. Cole et al. (16) 
reported that feeding diets high in roughage stimulated 
mastication and salivation . Issacson et al. (49) reported 
that microbial efficiency is positively correlated to dilution 
rate of culture medium for both pure and mixed bacterial 
cultures. Estell and Gaylean (24) found a positive 
relationship between ruminal pH and rumen dilution rate. 
Harrison et al. (40) reported that an increased ruminal 
dilution rate resulted in a high quality protein output from 
the rumen. Adams et al. (1) found an increased liquid flow 
rate in steers fed a high concentrate diet containing yeast 
culture. 
Microbial Additives for Improving 
Nutrient Utilization 
Recently , an identified species of fungus that colonizes 
the anaerobic environment of the rumen and has cellulolytic 
activity was determined to contribute greatly to increased 
utilization of nutrients in ruminants (17). Yeast cultures 
have been used in animal diets since the early 1970s. 
Microbial additives have been added to improve the utilization 
of waste materials such as food cannery and food-processing 
wastes, straw, and wood-processing waste (14). Most 
microorganisms used in feed additives contain various 
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nutr i ents that animals can utilize to increase their 
performance ( 15) . Sacchar omyces cerevisiae is not only a good 
cellulase-producing organism, but a good nutrient source 
containing CP, 53.7%; lysine, 8.2%; threonine, 4.8%; cysteine, 
1.6%; methionine, 2 .5 %; valine, 5 .5%; isoleucine, 5.5%; 
leucine, 7 . 9%; phenylalanine, 4.5%; and tryptophan, 1.2% (31) . 
Microbial Additive Effects on 
Ruminal Characteristics 
It is i mpossible to define precisely the effects of 
microbial additives on the rumen environment. Underdahl et 
al. (82) reported that lactobacilli (Lactobacillus 
acidophilus) and streptocilli (Streptococcus faecium) promoted 
animal heal th a nd performance due to a more favorable 
i ntes tinal balance. Malcolm and Kiesling (56) observed that 
ruminal v olatile fatty acid (VFA) production was enhanced in 
the steers supplemented with yeast culture (Saccharomyces 
cerevisiae). A slight increase in the molar proportion of 
acetate and decreased proportion of butyrate was observed in 
steers supplemented with yeast culture. However, Harrison et 
al. ( 40) reported that the molar proportion of acetate was 
lower in cows receiving a yeast culture additive. Adams et 
al. (1) did not observe a treatment effect on ruminal ammonia 
concentration in steers fed high concentrate diets with added 
yeast culture. Newman et al. ( 64 ) observed an increased 
acetate and total VFA concentration in steers fed pelleted 
feed with added yeast culture. However, rumina! pH was not 
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affected by an increased level of total VFA. Olson et al. 
( 66) , Harrison et al. ( 4 0) , and Martin et al. (58) observed 
similar results. 
Yeast Growth 
Saccharomyces cerevisiae is a facultative anaerobe, a 
property not shared with many other yeasts (73). Early 
studies demonstrated that capacity for growth is limited under 
anaerobic conditions (4). Yeast is grown on media containing 
ground yellow corn, hominy feed, corn gluten feed, wheat 
middling, rye middling, diastatic malt, corn syrup, and cane 
molasses. Growth of yeasts can be enhanced by the presence of 
unsaturated fatty acids, a steroid, and nicotinic acid (73). 
Dawson and Newman (20) observed that concentration of yeast 
cell number was 3 to 6 times greater in a rumen-simulating 
fermenter when supplemented with a yeast culture. Therefore, 
replication of a particular strain of yeast in the rumen can 
be achieved with an application toward enhanced nutrient 
utilization. 
Interaction Between Yeast 
Growth and pH 
Dawson and Hopkins (19) reported the most optimum pH for 
yeast growth was between 3.5 and 5 . 0 in an anaerobic 
environment. It is unlikely that similar optimum pH ranges 
exist in the gastrointestinal tract. Rumen pH can be highly 
influenced by diet composition andjor feeding practice. 
Elevated use of concentrates, in which a high proportion is 
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rapidly fermentable material, can lower rumen pH rapidly soon 
after feeding. Alteration in the cellulolytic bacteria 
habitat can result in a rapid lowering in rumen pH (92) . 
Moreover, this depression in rumen pH may reduce the number of 
cellulolytic bacteria and cellulolysis (11, 93). Feeding a 
proportionately high concentrate diet can depress ruminal pH 
below 6.0, whereas normal rumen pH is close to neutrality. 
Lowering rumen pH by elevated feeding of concentrates in diet 
may also favor yeast growth since optimum pH for yeast growth 
is below 6.0. Dawson (20) reported that pH in an artificial 
fermenter was raised approximately 0. 2 units through 
supplementation with a yeast culture. However, Adams et al. 
(1) reported no treatment effect on rumen pH in steers fed a 
diet of alfalfa and steamed milo with or without added yeast 
culture. 
Yeast Culture Effects on Cellulolysis 
and Fiber Degradation 
Wiedmeier et al. (92) observed that the number of total 
viable bacteria was increased 1. 3 fold and the number of 
cellulolytic bacteria was increased 1.5 fold in rumen-
fistulated Holstein cows fed a diet supplemented with a yeast 
culture. It was likely that yeast culture provided B vitamins 
and branched VFA that are stimulatory for cellulolytic 
bacteria. As the cellulolytic bacterial number increases, 
fiber degradation can be stimulated and rumen acetate 
production can be enhanced (55) . Dawson (20) observed a small 
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increase in the acetate to propionate ratio when yeast culture 
was added to artificial rumen fermenters. Wiedmeier et al. 
(92) reported that hemicellulose digestibility in cattle was 
increased by supplementing the diet with a yeast culture. 
Dawson (21) reported that cellulose degradation was greater in 
pure cultures supplemented with yeast culture. Dawson {21) 
also reported that concentration of rumen cellulolytic 
bacteria was 5 to 4 0 times greater in steers fed a diet 
containing added yeast culture when compared to the controls. 
Harrison et al. (40) reported that rumina! cellulolytic 
bacteria were increased by dietary supplementation of yeast 
culture. However, Newman ( 64) reported that neither anaerobic 
nor cellulolytic bacteria concentrations in a continuous 
fermenter were affected by yeast supplementation. 
Yeast culture Effect on Rapidly 
Fermentable Carbohydrate Digestion 
The largest response to yeast supplementation was obtained 
when cattle were fed rations with a high proportion of 
concentrates . Elevated concentrate feeding may cause a 
negative effect on rumen cellulolysis (92). Rumen 
cellulolytic activity can be maintained with daily rumina! 
inoculation of microorganisms in ruminants fed high cereal 
grain diets. Mould et al. (62) identified two components of 
the depressive action of rapidly fermentable carbohydrates on 
cellulolysis. First, concentrates depress rumen pH, resulting 
in a reduction in cellulolysis. Secondly , rapidly fermentable 
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carbohydrates (RFC) compete with cellulolytic bacteria. With 
the presence of RFC, cellulolytic bacteria and amylolytic 
bacteria compete for limiting nutrients. Consequently, growth 
of amylolytic microorganisms is stimulated more when compared 
to cellulolytic bacteria. Not until lately has it been 
considered that yeast possessed amylase activity and were able 
to digest starch. Panchal ( 68) demonstrated that several 
varieties of yeast produce extracellular amylase and can 
utilized starch. Removal of the competitive material through 
yeast addition can reduce the negative associative effects, 
thereby restoring cellulolysis and forage digestion to optimum 
levels. 
Feeding Yeast Culture in Diets 
for Nonruminants 
Microbial additives have played an important role in non 
ruminant, as well as ruminant nutrition. These direct fed 
microbials have achieved digestion of feed residues reaching 
the hind gut. These residues cannot be digested by the host 
animal enzyme secretions and therefore would have been 
excreted unutilized. Some of the responses in growth and feed 
efficiency in pigs may have been due to the altered effect of 
yeast culture on hindgut fermentation. Glade and Sist (29) 
summarized the effect of yeast culture addition in horses. 
Significant increases in neutral detergent fiber, 
hemicellulose, and nitrogen digestibility were detected in 
yearling horse fed Saccharomyces cerevisiae. They concluded 
14 
that yeast culture can affect hindgut fermentation and 
increase nutrient supply to monogastric animals through 
similar mechanisms which were proposed earlier and occur in 
the rumen . However, the yeast culture viability for a variety 
of monogastrics has not been reported. 
Feeding Yeast Culture in 
Calf Rations 
A few studies evaluating the effect of yeast culture 
supplementation in calves have been performed. Fallon and 
Harte (27) included yeast culture in a calf starter ration at 
the rate of 2 kg/ ton. There were significant increases in 
live weight gain and feed intake for calves fed the added 
yeast culture. Williams et al. (93) reported that dry starter 
diets fed to young calves resulted in a low ruminal pH and 
consequently depressed intakes. Gill et al. (30) observed 
that feed utilization was improved in stocker calves fed live 
bacteria (1.4 x 109 live bacteria per gram per day). 
Aldrovandi et al. ( 2) reported increased rates of gain in 
calves fed Lactobacillus acidophil us ( 10 million cells per 
day). Bonaldi et al. (11) observed an increased rate of gain 
in calves fed Lactobacillus acidophilus. Braun et al. (12) 
supplemented a bacterial additive to pregnant heifers, and the 
birthweight of calves born to supplemented heifers was 2.7 kg 
greater than the birthweight of calves born to control 
heifers. 
Feeding Yeast Culture in 
Beef cattle Diets 
15 
Recently, a number of studies evaluating the effect of 
yeast culture supplementation of beef cows fed poor quality 
diets were conducted. Improving forage utilization has been 
considered a prime target through the manipulation of the 
rumen ecosystem by yeast culture addition (15, 50). Dawson et 
al. (21) supplemented yeast culture with 2.04 x 109 live 
yeast (Saccharomyces cerevisiae) cells per gram in the diet of 
Jersey steers equipped with rumen cannulae. Ruminal 
concentration of cellulolytic bacteria was 5 to 40 times 
greater in steers fed a diet containing yeast culture when 
compared to the controls. Olson et al. (66) conducted an in 
situ study in steers fitted with ruminal cannulae to determine 
the effect of yeast culture on ruminal crude protein 
disappearance. In situ CP disappearance and CP degradability 
were higher in steers supplemented with a yeast culture. 
LeGendre et al. {63) fed a low quality and high quality 
roughage ration with or without live yeast cells to Hereford 
steers. A slight increase in CP disappearance rate was 
detected in steers fed the low quality ration with added live 
yeast cells, whereas no other nutrient digestibilities were 
affected by yeast culture addition. Adams et al. (1) 
conducted a study on yeast culture addition in diets fed to 
Hereford, Brangus, and Charolais crossbred s teers. No 
statistical differences in body weight change were noted. 
Feeding Yeast Culture in 
Dairy Cattle Diets 
16 
High-producing dairy cows have been fed high concentrate 
diets to meet nutrient requirements. The effect of yeast 
culture supplementation has been emphasized for high-producing 
dairy cattle under stressful conditions, such as early 
lactation and peak production (74, 79). Kellems et al. (52) 
f ed 90 grn Vitaferm (yeast culture plus minerals and vitamin 
mix) per head once daily in a total mixed ration throughout a 
complete lactation. A slight increase of feed consumption was 
observed, but the difference was not significant. No 
treatment effects were detected for milk fat production, 3.5% 
FCM, body weight change and body condition scores of cows 
between treatment groups . However, better responses were 
observed in early and late stage of lactation treatment 
groups. Wiedmeier et al. (92) conducted a study with 
nonpregnant and nonlactating Holstein cows fed a total mixed 
ration supplemented with a yeast culture. Ruminal 
characteristics and nutrient digestibility were observed. The 
diet supplemented with the yeast culture tended to improve the 
ruminal concentration of cellulolytic bacteria. The yeasts 
probably provided stimulatory factors for improved 
cellulolytic bacterial growth. Dry matter, crude protein, 
acid detergent fiber, and hemicellulose digestibilities were 
significantly increased for cows fed an added yeast culture. 
Ware et al. (90) fed Lactobacillus acidophil us 2. 0 x 109 
colony forming units (CFU) per head/d to a large dairy herd 
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and no treatment effect was observed for dry matter intake, 
milk fat%, or SNF % between treatments . Arambel and Kent (5) 
fed a total mixed ration with an added yeast culture to early 
lactating Holstein cows. There was no significant difference 
in crude protein, acid detergent fiber, and neutral detergent 
fiber digestibilities between treatments. Wohlt et al. (94) 
fed early lactating cows a diet with corn silage:grain (1 : 1) 
and hay with or without added yeast culture. Cows fed with a 
yeast culture supplement peaked earlier and had a higher milk 
yield when compared to the control fed cows as a result of a 
greater dry matter intake and nutrients digestibility . 
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ASPERGILLUS ORYZAE 
Even though the importance and role of rumen fungi are 
virtually unknown, they have been shown to possess the ability 
to degrade cellulose and improve fiber digestibility (10) . 
Aspergillus oryzae is the main source of fungi being used as 
a feed additive to improve fiber digestion and milk yield 
(37) 0 Aspergillus oryzae is a heterothropic, absorptive 
fungus of the class Ascomicetes, subclass Plectomycetes, 
family Eumicota , order Eutotiales (48). It is isolated from 
rice and is used in the production of soy sauce. Kellems et 
al. (52 ) fed a total mixed ration with the addition of 
Aspergillus oryzae fermentation extract to early lactat ing 
Holstein cows throughout a complete lactation. Average weekly 
dry matter consumption and milk production were greater in 
cows supplemented with Aspergillus oryzae (AO) . They 
concluded that the group fed AO increased milk and FCM 
production compared to the control fed group. Wiedmeier et 
al. (92) reported that nonpregnant and nonlactating Holstein 
cows fitted with ruminal fistulae fed a basal ration with 
Aspergillus oryzae demonstrated a higher crude protein and 
hemicellulose digestibility . In addition, an increase in 
concentration of ruminal cellulolytic bacteria was detected, 
probably due to the depolymerization o f cellulose by the 
enzymes produced from Aspergillus oryzae. Ollermann et al. 
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(65) did not observe an effect of treatment on VFA 
concentration and rumina! pH for nonpregnant and nonlactating 
Holstein cows fed a total mixed ration with Aspergillus 
oryzae. However, rumina! NH3-N was lower in cows fed 
Aspergillus oryzae when compared to cows fed a total mixed 
ration without Aspergillus oryzae. Gomez-Alarcon et al. (33) 
fed a diet high in concentrates to early lactating Holstein 
cows. Cows fed Aspergillus oryzae peaked in dry matter intake 
3 weeks earlier than the control fed group. Dry matter 
digestibility was higher for Aspergillus oryzae fed cows when 
compared to the controls . Kellems et al. (51) reported a 
significant improvement in 3.5% FCM for the AO fed group (35.6 
kg/d vs 38.9 kg/d control and AO group, respectively). Van 
Horn et al. (85) added Aspergillus oryzae to the diet of 
lactating cows. Milk production, feed intake, and dry matter 
digestibility were increased by the addition of supplemental 
Aspergillus oryzae. Marcus et al. (57) reported a 6% increase 
in FCM for a large commercial dairy farm fed Aspergillus 
oryzae. In addition, some beneficial effects on rectal 
temperature and improved reproductive performance were 
reported in animals fed a diet containing Aspergillus oryzae 
during hot weather. Harris et al. (38) added Aspergillus 
oryzae to sugar cane silage. The Aspergillus oryzae treated 
silage increased butterfat percent and FCM. However, no 
treatment effects were observed in cow performance when 
Aspergillus oryzae was directly fed to cows. Results from an 
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in vitro study conducted by Arambel et al. (7) suggested that 
animals need to be adapted to the Aspergillus oryzae culture 
i n order to increase nutrient digestibility. Gomez et al . 
(32) observed an increase in cellulose digestion and ruminal 
nitrogen output when lactating cows were supplemented with 
Aspergillus oryzae. However, total tract dry matter and cell 
wall constituent digestibilities were similar between 
supplemented and unsupplemented cows. 
Overall, feeding of Aspergillus oryzae has increased 
cellulose digestion, protein utilization, and has improved 
milk production and feed intake. 
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EFFICACY OF SUPPLEMENTAL VIABLE YEAST CULTURE WITH OR 
WITHOUT ASPERGILLUS ORYZAE ON NUTRIENT DIGESTIBILITY AND 
MILK PRODUCTION IN EARLY TO MIDLACTATION HOLSTEIN COWS 
ABSTRACT 
Twenty-four early to midlactation Holstein cows were 
assigned to one of three treatments in a randomized block 
design. Dietary treatments consisted of: 1) basal ration 
containing 60% concentrate plus 60 gm wheat bran per head per 
day (Control); 2) basal ration plus 57 gm yeast culture (YC) 
per head per day; 3) basal ration plus 57 gm YC plus 3 gm 
Aspergillus oryzae (AO) per head per day (YC + AO) . The yeast 
culture contained 12 x 106 live cells Saccharomyces cerevisiae 
per gram. Cows were fed treatments twice daily ad libitum, 
with free access to water for 10 weeks. The direct-fed 
microbials were fed once daily with the AM feeding as a 
topdress. Feed intake, body weight, milk yield, and milk 
composition were monitored. Feed and fecal samples were 
collected to determine apparent total tract nutrient 
digestibility. CP, ADF, and NDF digestibilities for the 
fungal culture treatment-fed cattle were significantly higher 
(P < .01). A significant difference was not observed in milk 
yield among treatments. Percent milk fat, protein, and SNF 
were lower in cattle fed the added fungal cultures when 
compared to the control-fed cattle. 
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INTRODUCTION 
Among the increasing number of new feed additives being 
developed, single cell organisms grown on inexpensive media 
have stirred interest in the scientific community. Nutrients 
from bacteria, fungi, and algae are often lumped together and 
called single cell protein (SCP). SCP could be developed into 
a very large nutrient source for animal feeds. The SCP 
produced during fungal fermentation is similar to soybean meal 
in nutritional characteristics, containing 45% protein, 
numerous B vitamins, and minerals, particularly calcium and 
phosphorus. 
Greater responses were observed for yeast culture effects 
when ruminants were fed a poor quality forage and high grain 
diets. When ruminants are fed high levels of grain in the 
diet, rumina! pH drops below the optimum pH range (6.7- 7.0) 
f or maximum rumen cellulolytic bacterial growth (3,78). 
Dawson (20) reported that pH in the continuous fermenter was 
elevated approximately 0. 2 units by adding yeast culture. 
Kellems et al. (52) fed 90 gmjd Vitaferm (Apsergillus oryzae 
fermentation extract plus yeast culture plus minerals and 
vitamin mix) and 3 gmjg Amaferm (Aspergillus oryzae 
fermentation extract) to early lactating Holstein cows 
throughout a complete lactation. Positive effects were 
detected in feed consumption for the Vitaferm-fed group and 
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average milk yield was greater for Vitaferm-fed cattle when 
compared to the controls. Huber and Higginbotham ( 44) 
supplemented rations of lactating dairy cows with an 
Aspergillus oryzae fermentation extract. Cows fed the 
fermentation extract produced more milk when compared to the 
controls. Gomez-Alarcon et al . (33) observed an increase in 
milk yield and feed intake when rations fed to lactating cows 
were supplemented with a Aspergillus oryzae fermentation 
extract. Arambel and Kent (5) fed a total mixed ration top-
dressed with 90 gmj d yeast culture to Holstein cows in early 
lactation. There was no significant difference (P < .05) in 
crude protein , acid detergent fiber, a nd neutral detergent 
fiber digestibility between treatments. 
The objectives of this study were 1) to determine the 
effect of supplemental viable yeast culture with or without 
Aspergillus oryzae on nutrient digestibility of lactating 
dairy cows; and 2) to determine the effect of supplemental 
viable yeast culture with or without Aspergillus oryzae on 
milk yield and milk composition of lactating dairy cows. 
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MATERIALS AND METHODS 
Twenty-four multiparous early to midlactating Holstein cows 
( 13 to 15 weeks in milk) were assigned to one of three 
treatments groups (8 cows per treatment) in a randomized block 
design. Treatments consisted of 1) basal ration (Table 1) 
plus 60 gm wheat bran (control); 2) basal ration plus 57 gm 
yeast culture (provided by Diamond V Mills, Inc ., Cedar 
Rapids, IA); and 3) basal ration plus 57 gm yeast culture plus 
3 gm Aspergillus oryzae (provided by Diamond V Mills, Inc., 
Cedar Rapids, IA). The basal ration was fed as a total mixed 
ration. The yeast culture contained 12 x 106 Saccharomyces 
cerevisiae per gram (Table 2). The basal ration was balanced 
according to NRC (63) and individually fed ad libitum twice 
daily (0530 and 1800 h) with free access to water. Treatments 
were top-dressed with the AM feeding. Five to ten percent 
refusals were allowed with intake adjustments performed daily 
during the 10 week experimental period. Cows in all groups 
received 1 kgj d of long-stem alfalfa hay at 2300 h. Feed 
refusals were recorded once daily . Cows were fed through 
Calan gates (American Calan, Inc., Northwood, NH). Cows were 
milked twice daily at 0430 and 1700 h. 
Dry matter intake (DMI) was recorded daily. Body weight 
was monitored weekly. Milk yield was recorded twice daily. 
Representative samples of milk from PM and AM milkings from 
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TABLE 1. Ingredients and nutrient composition of total mixed 
ration. 
Ingredient 
Alfalfa hay, chopped 
Alfalfa haylage 
Corn silage 
Rolled barley 
Whole cottonseed 
Brewers dried grain 
Beet pulp 
Extruded soybean meal 
Beet molasses 
Vitamins and mineral premix1 
NUTRIENT ANALYSIS 
Crude protein 
Acid detergent fiber 
Neutral detergent fiber 
NE 1 , Mcal j kg2 
DM Basis 
( %) 
18.7 
11.8 
7.3 
18.5 
13.5 
12.7 
11.0 
3. 4 
1.3 
1.7 
16.5 
29.4 
47.4 
l. 69 
1 Consisted of 12.5% Ca; 5.0% P; 3.5% Mg; 5.8% K; 8.4% Na; 
5.0% S; 780 ppm Mn; 1575 ppm Z; 6.2 ppm Se; 270,600 IU vitamin 
A/ kg; 92,400 IU vitamin D/ kg. 
2 Estimated by NRC (63). 
TABLE 2. Nutrient composition of yeast culture. 1 
Nutrient 
Crude protein, not l ess than 
Crude fat, not less than 
Crude fiber, not less than 
Vitamins 
Choline 
Niacin 
Folic acid 
Vitamin B12 
Vitamin E 
Vitamin A 
Minerals 
ca 
p 
Mg 
Fe 
DM Basis 
( %) 
12.00 
3 . 00 
6.50 
500 IU 
25 IU 
20 IU 
2 IU 
18 IU 
3000 IU 
0.95% 
0.60% 
0.25% 
74.8 ppm 
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1 Diamond V "XP" yeast culture (Diamond V Mills, Inc., 436 
GAve. N.W., P.O. Box 74570, Cedar Rapids, IA). 
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each cow were collected and composited weekly and analyzed at 
the Utah dairy herd improvement association (DHIA) laboratory 
(Logan, UT) for fat, protein, lactose, solid-non-fat (SNF) 
percent, and somatic cell count (SCC) by using a Multispec M 
Infrared Analyzer (Whedrake, York, England). Feed and crt 
samples were collected weekly, frozen, and lyophilized 
(Labconco Lyph-lock 12, Kansas City, MO) for later laboratory 
analysis. Samples were ground through a cyclone grinder 
(Cyclotec-1093 sample mill, Tecator AB, P . O.Box 70 . S-263 21 
Hoganas, Sweden) and composited within cow by treatment. 
Fecal samples were collected twice daily for three consecutive 
days during the last week of the trial. Feces were frozen, 
lyophilized, composited, and analyzed. Feces were ground 
through a cyclone grinder and composited within cow by 
treatment. Feed, arts, and feces were analyzed for DM (8), CP 
(36), ADF, and NDF according to Van Soest (86). Acid 
insoluble ash (AIA) was determined according to Undersander et 
al. (83) and used as an internal marker to determine apparent 
nutrient digestibility. 
The data were analyzed using the general linear models 
procedure of SAS (75). The models included treatment, body 
weight change, milk yield, milk composition, and apparent 
nutrient digestibility. 
28 
RESULTS AND DISCUSSION 
Effects of treatment on dry matter intake (DMI) and milk 
production response are shown in Table 3. A slight increase 
(P = .10) in DMI was observed for cattle fed yeast culture 
(YC) and yeast culture plus Aspergillus oryzae (YC + AO) when 
compared to the controls (Figure 1). Kellems et al. (52) 
observed a slight increase in feed consumption for lactating 
cows fed a diet supplemented with yeast culture. Wohlt et al. 
(94) found a significant increase in DMI when early lactating 
Holstein cows were fed a diet supplemented with yeast culture. 
Apparent nutrient digestibility results are summarized in 
Table 5. Digestibilities CP, ADF, and NDF were significantly 
improved (P < .05) in cattle fed YC and YC + AO. These 
results disagree with other studies (7, 65, 69) where the 
addition of YC with or without AO did not affect CP, ADF, and 
NDF digestibility. Increased rumen fluid dilution rate and 
rate of passage of solid digesta has been associated with 
increased dry matter intake (35, 71). Wiedmeier et al. (92) 
indicated that added YC improved fiber digestion in ruminants 
by stimulating cellulose-digesting bacteria. AO secretes 
cellulases and proteases which should improve the 
digestibility of nutrients. In addition, Wiedmeier et al. 
(92) indicated that cattle fed YC tended to increase 
particulate rate of passage without any change in liquid 
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TABLE 3 . Effect of treatment on average daily feed intake and 
milk yield. 
Treat men t 
Item contr ol YC YC + AO SEM 1 
Intake (kg/d) 20.17 20 . 39 20.47 2.90 
Milk yield (kg/d) 31.65 30 . 81 31.80 5.06 
4 . 0% FCM2 (kg/d) 30 0 14' 28 0 41b 28 0 69'·· 0.49 
Feed efficiency' 1 . 54 ' 1. 39b 1. 41b 0 . 29 
··• Means in the same row wi t h differ e nt superscrip ts differ 
(P < . 01). 
1 Standard error of the mean . 
2 Fat corrected milk. 
3 FCM/DMI . 
23~----------------------~======~ 
~Control 
"*YC 
* YC + AO 
19 
18 L-------------------------------------~ 
1 2 3 4 5 6 7 8 9 10 
Week 
Figure 1. Effect of treatment on DM intake over time . 
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TABLE 4. Effect of treatment on milk composition. 
Treatment 
Component Control YC YC + AO SEM1 
Butterfat (%) 3 . 56 ' 3. 41 b 3. 32b 0. 45 
Protein (%) 3. 29' 3. o9• 3. 07b 0 . 11 
Lactose (%) 4. 97' 5. 07 ' 5. 02'·· 0. 21 
SNF ( %) 2 8. 95' 8 . 84b 8 . 77b 0.19 
'· • Means in the same row with different superscripts differ 
(P < , 05). 
1 Standard error of the mean. 
2 Solid non fat. 
620 ~.=======~------------------------~ 
~ control 
600 
-.s:: 
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Figure 2. Effect of treatment o n body weights over 
time. LS means of YC and YC + AO were significantly 
higher (P < .01) than the controls. 
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yield over time. w 
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TABLE 5. Effect of treatment on total tract apparent nutrient 
digestibility. 
Item Control YC YC + AO SEM1 
Crude protein (%) 7 3 . 8 o•.e 83. 06' a1 . as•·• 0 . 62 
Acid detergent 57. ss• 70. 0 3' 68. 29 ' 1. 21 
fiber (%) 
Neutral detergent 69.43b 76. 95' 76. 40' 0.93 
fiber (%) 
•·• Means in the same row with different superscripts differ 
(P < . 05). 
~ Means in the same row with different superscripts differ 
(P < . 01). 
1 Standard error of the mean . 
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dilution rate. This would tend to suggest an increase in the 
rate of fiber degradation. Van Hornet al. (85) also reported 
that AO supplementation resulted in twice the improvement in 
ADF than in DM digestibility. The theory that YC inclusion 
stimulates appetite has been enthusiastically pursued. 
Although orpharangeal factors may contribute to an effect of 
YC on appetite, these results suggest that yeast cells provide 
a source of vitamins needed for bacterial growth and that once 
lysis occurs, yeast protoplasm can be used as a source of 
nutrition for rumen microorganisms. AO produces enzymes that 
stimulate partial depolymerization and aids rumen cellulolytic 
bacteria in complete depolymerization of cellulosic material 
to simple sugars. In our study, a significant improvement in 
body weight gain was observed for cattle fed YC (P < .01) and 
cattle fed YC + AO (P < .05) when compared to the controls. 
This increase in body weight gain may be the result of an 
improvement in DMI and nutrient digestibility. Increased body 
weight gain is normally associated with increased utilization 
and digestion of feed. Wallentine et al. ( 89) reported an 
improvement in weight gain (270 vs 390 g/d for control and AO 
group, respectively). LeGendre et al. (53) fed rations 
supplemented with YC and observed an increase in body weight 
gain in animals supplemented with YC compared to the controls. 
However, Adams et al. (1) did not observe a difference in body 
weight gain in Hereford, Brangus, and Charolais crossbred 
steers fed a YC. 
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Increased intake and nutrient digestibility, howev er, did 
not affect daily milk yield or 4% FCM (Table 3 ). This is in 
agreement with the results obtained by Arambel and Kent (6) 
when YC wa s fed to cows in early to midlactation. In our 
s tudy , regardless of treatment, daily milk yield tended to 
decline throughout the 10-week period. Kellems et al. (52) 
stated that YC and fungal additives had a greater effect 
during the early stage of lactation. Percent milk fat was 
significantly (P < .05) lower for c attle fed the YC and YC + 
AO when compared to the controls . These results disagree with 
other studies (70, 43, 38) where YC and fungal additives in 
diets improved milk fat production. A lack of treatment 
effect on milk fat content has been reported elsewhere (85, 
57 ). Percent mi lk protein was significantly higher in cattle 
unsupplemented when compared to YC and YC + AO-fed cattle. 
Percent SNF was significantly higher (P < .05) for control-fed 
c attle when compared to the YC + AO-fed cattle. Percent milk 
lactose was significantly (P < .05) higher for the YC-fed 
cattle when compared to the controls; however no difference 
was observed between the control and the YC + AO and between 
YC and YC + AO-fed cattle. The reason for the improvement in 
percent milk lactose in cows supplemented with the yeast 
culture is not clear. 
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EFFECT OF ADDED YEAST CULTURE WITH OR WITHOUT ASPERGILLUS 
ORYZAE ON RUMEN FERMENTATION AND NUTRIENT DIGESTIBILITY 
WHEN FED TO NONLACTATING HOLSTEIN COWS 
ABSTRACT 
Six nonlactating, nonpregnant Holstein cows were randomly 
assigned to one of three treatments in a 3 x 3 replicated 
Latin square design. Treatments were 1) basal ration plus 60 
gm wheat bran per head per day (control); 2) basal ration plus 
57 gm yeast culture (YC) per head per day; and 3) basal ration 
plus 57 gm yeast culture plus 3 gm Aspergillus oryzae per head 
per day (YC + AO). Cows were adapted for 21 d followed by a 
7 d collection period. Rumen samples were collected at time 
of feeding (T 0) and 2, 4, 6, 8, 10, and 12 h post feeding. 
Rumen microbial samples were collected at 2 h post feeding. 
Feed and fecal samples were collected twice daily for three 
days at the end of the collection period to determine total 
tract apparent nutrient digestibility. 
Rumen pH was significantly lower in YC-fed cows when 
compared to YC + AO and control animals. Total VFA and 
ammonia nitrogen (NH3-N) concentrations were higher for the 
YC-fed cows. Microbial numbers were similar for all 
treatments. Apparent nutrient digestibility was not 
significantly different among treatments. 
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INTRODUCTION 
Dairy cows in early lactation are under added stress due to 
the demand for increased milk production and lack of 
sufficient dietary intake of energy and protein. Feeding a 
diet high in concentrate allows more energy for animal use. 
However, feeding high grain, low fiber diets results in 
decreased ruminal pH, fiber digestion, increased propionate 
production, and a decreased acetate:propionate ratio. When 
ruminants are fed a diet high in concentrates, ruminal pH 
drops below the optimum pH range for maximum rumen 
cellulolytic bacterial activity (78). Rumen cellulolytic 
bacteria are sensitive to a modest decline in pH, 
digestibility of the structural carbohydrates and eventually 
the net energy available for production when rumiants are fed 
diets high in concentrates. Therefore , feeding buffers, such 
as sodium bicarbonate, improve structural carbohydrate 
digestion by maintaining a more favorable ruminal pH for 
bacterial cellulolytic activity (22). Newman et al. (64) 
examined ruminal response to feed that was pelleted with yeast 
culture. Acetate concentration and total VFA concentration 
were higher in cattle fed pellets containing yeast culture. 
Supplemental additives such as direct-fed microbials can 
improve nutrient uptake, thereby supplying the animal with 
more net energy for utilization. 
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Van Horn et al. (84) 
reported a 29% improvement in apparent OM rumen digestion with 
Aspergillus or yzae addition to diets, which could be the 
result of improved rume n microbial growth . Yeas t and fungal 
cultures are thought to stimulate rumen cellulolytic 
populations tha~ may otherwise be inhibited with high 
concentrate feeding. Wiedmeier et al. (92) reported an 
increase in cellulolytic bacterial number when yeast culture 
and Aspergillus oryzae were fed. Supplementing viable yeast 
in the d i et may stimulate rumen function and increase milk 
production in lactating dairy cows as a result of increased 
nutrient uptake. Milk yield and fat percent have been 
improved with the addition of yeast cultures in ruminant 
rations. Huber and Higginbotham (45) reported that cows fed 
an Aspergillus oryzae extract produced more milk. However, 
yeast and yeast cultures are not all the same and vary in 
their beneficial effects. Arambel and Kent (5) fed a 
supplemental yeast culture to early to midlactation dairy 
cows; however, a significant difference in DM intake, milk 
production, milk composition, body weight gain, and nutrient 
digestibility was not observed. 
The objectives of this study were to determine what affect 
of added yeast culture (Saccharomyces cerevisiae) and yeast 
culture with Aspergillus oryzae have on 1) rumen fermentation 
characteristics and 2) apparent nutrient digestibility. 
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MATERIALS AND METHODS 
Rumen Fermentation 
Six mature, nonpregnant, nonlactating Holstein cows fitted 
with rumen and duodenal cannulae were assigned randomly to one 
of three treatments in a J x J replicated Latin square design. 
Treatments were 1) basal ration (BR) plus 60 gm wheat bran per 
head per day (control); 2) BR plus 57 gm yeast culture 
(provided by Diamond V Mills, Inc., Cedar Rapids, IA) per head 
per day (YC); and J) BR plus 57 gm yeast culture plus J gm 
Aspergillus oryzae {provided by Diamond V Mills, Inc., Cedar 
Rapid, IA) per head per day (YC + AO) (Table 7). The yeast 
culture contained 12 x 106 live cells Saccharomyces cerevisiae 
per gram. Treatments were formulated to adequately replicate 
treatments used for the milk production trial. Treatments 
were top-dressed on the basal ration during the AM feeding. 
Animals were fed individually twice daily (1700 and 1800 h) 
and had free access to clean water. Animals were adapted for 
21 d followed by a 7 d collection period. After the first 
collection period, treatments were switched and the protocol 
was repeated. Three collection periods were completed. On 
day 1 of the collection period, cows were ruminally dosed with 
150 gm chromium mordanted wheat straw (81) (5 to 10 rnm 
particle size) and subsequent fecal grab samples were 
collected at 0, 24, 27, 30, 33, 36, 48, 60, 72, 84, 96, and 
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TABLE 6. Ingredients and nutrient composition of total mixed 
ration. 
Ingredient 
Alfalfa hay, chopped 
Alfalfa haylage 
Corn silage 
Rolled barley 
Whole cottonseed 
Brewers dried grain 
Beet pulp 
Extruded soybean meal 
Beet molasses 
Vitamins and mineral premix' 
NUTRIENT ANALYSIS 
Crude protein 
Acid detergent fiber 
Neutral detergent fiber 
NE1, Mcaljkg2 
OM Basis 
(%) 
18.7 
11.8 
7.3 
18 . 5 
13.5 
12.7 
11.0 
3.4 
1.3 
1.7 
16.5 
29.4 
47.4 
1. 69 
1 Consisted of 12.5% Ca; 5.0% P; 3 . 5% Mg; 5 . 8% K; 8 . 4 % Na; 
5 .0% s; 780 ppm Mn; 1575 ppm Z; 6.2 ppm se; 270,600 IU vitamin 
A/kg; 92,400 IU vitamin 0/kg. 
2 Estimated by NRC (63). 
TABLE 7. Nutrient composition of yeast culture. 1 
Nutrient 
crude protein, not less than 
Crude fat, not less than 
Crude fiber, not less than 
Vitamins 
Choline 
Niacin 
Folic acid 
Vitamin B12 
Vitamin E 
Vitamin A 
Minerals 
ca 
p 
Mg 
Fe 
DM Basis 
(%) 
12.00 
3.00 
6.50 
500 IU 
25 IU 
20 IU 
2 IU 
18 IU 
3000 IU 
0.95 % 
0.60% 
o. 25% 
74.8 ppm 
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1 Diamond V "XP" yeast culture (Diamond V Mills, Inc., 436 
GAve. N.W. , P.O. Box 74570, Cedar Rapids , IA). 
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108 h post-dosing. Samples were immediately frozen (-20 "C) 
until the end of the collection period, lyophilized (Labconco 
Lyph-lock 12 Kansas City, MO), and individually ground through 
a Cyclone grinder (Cyclotec-1093 sample mill, Tecator AB, P.O. 
Box 70 . S-263 21 Hoganas, Sweden) to improve sample 
homogeneity for chromium analysis. The remaining samples were 
composited within cow and collection period. Composited 
samples were then analyzed for DM, CP (36), ADF (86), NDF 
(86), and AIA (83) to calculate total tract apparent nutrient 
digestibility. At the beginning of each sampling period, the 
basal ration was subsampled, immediately frozen (-20 "C), 
lyophilized, ground through a cyclone grinder, and analyzed 
for DM, CP, ADF, NDF, and AIA. On day 5, before the AM 
feeding (0700 h) cows were dosed with 50 gm NaCo-EDTA (Sodium 
Cobalt-ethylenediaminetetraacetic acid) (dissolved overnight 
in 250 ml distilled water) directly into the rumen through the 
fistula (81). Rumen and duodenal digesta were collected at 0, 
2, 4, 6, 8, 10, and 12 h post-feeding. Rumen sampling was 
prolonged to include 24, 36, and 48 h in order to have 
sufficient time period to calculate liquid dilution rate (69, 
71). Rumen fluid samples were obtained from the ventral sac, 
and immediately placed in an insulated container. The pH 
(Fisher AccumetR Model 425 digital pH/ Ion meter, 711 Forbes 
Avenue Pittsburgh PA 15219) was recorded for the first seven 
collections (0 - 12 h post-feeding). All rumen digesta were 
strained through four layers of cheesecloth, centrifuged at 
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20,000 X g for 10 min, preserved with 6 N HCl (2 ml HCl + 18 
ml supernatant rumen fluid), and frozen in 25 ml plastic 
scintillation vials for later analysis. Samples were analyzed 
for cobalt by atomic absorption spectrophotometry (Buck 
Scientific Incorporated 58 Fort Point Street, E. Norwalk, CT 
06855) with an air/ acetylene flame, ammonia nitrogen (NH3-N) 
(36), and volatile fatty acids (VFA) by gas chromatography (HP 
5890 Hewlett Packard Company, Analytical Group #10224, P.O. 
Box 9000, San Fernando, CA 91341-9981) using a carbowax 20 M 
capillary column with a 10 M x 0. 53 rnrn x 1. 33 J.Lm film 
thickness. Rate of passage was determined by the slope of the 
natural log of chromium concentration versus time. The 
remaining sample was frozen (-10 "C) until lyophilized and 
ground through a cyclone grinder and analyzed for CP. The T2 
sample was subdivided into two addi tiona! subsarnples and 
separated into 1) 10 ml to be preserved with 10 rnl 50% 
formaldehyde solution to count total protozoal numbers (90); 
and 2) 20 rnl unpreserved to count viable cellulolytic bacteria 
using a habitat-stimulating medium as described by Leedle (54) 
and Hespell and Bryant (41) and the anaerobic roll tube 
technique described by Hungate (46) used to identify total 
viable bacterial population. Four replicate samples at four 
dilutions were used for bacterial enumeration. Total viable 
and cellulytic bacteria were counted based on visual 
identification of colonies formed in the anaerobic growth 
media. 
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Duodenal samples were collected into 350 ml whirlpak bags 
directly from the reentrant cannulae. From each sample, 
approximately 20 ml of fluid were transferred to a plastic 
scintillation vial and frozen (-1o · c) for later analysis of 
ammonia nitrogen. The remaining duodenal digesta were frozen 
(-1o · c) until lyophilized, ground, and analyzed for CP. 
All statistical analyses were performed using a model for 
the Latin square design. The model included treatments, cows, 
and time periods (75). 
In situ study 
Three mature, nonpregnant, nonlactating, ruminally 
fistulated Holstein cows were allocated to one of three 
treatments in a 3 x 3 Latin square design. Treatments 
consisted of 1) basal ration (BR) plus 60 g wheat bran per 
head per day; 2) BR plus 57 g yeast culture {provided by 
Diamond V Mills Inc., Cedar Rapids, IA) per head per day; and 
3) BR plus 57 g yeast culture plus 3 g Aspergillus oryzae 
{provided vs Diamond V Mills Inc., Cedar Rapids, IA) per head 
per day. The yeast culture contained 12 x 106 live cells of 
Saccharomyces cerevisiae per gram. The basal ration was fed 
twice daily at 7 kg per feeding (0700 and 1800 h) and 
treatments were top-dressed in the AM feeding. Rations were 
designed to proportionally replicate the treatments used in 
the milk production trial. Three collection periods were 
completed with 21 d adaptation intervals. Rumen degradability 
of nutrients was determined using the in situ bag technique. 
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Substrates evaluated were grass hay (GH), high quality alfalfa 
(33 % ADF) (HA), and low quality alfalfa (51% ADF) (LA) (Table 
8) . Substrates were ground through a 5-mm screen Wiley mill 
(Thomas Wiley laboratories, suedesboro, NJ). Bags were made 
using a nitrogen-free white polyester monofilament (Bar 
Diamond Inc., Parma, ID) with a 53 micro pore size and a 10 x 
10 em bag dimension. Approximately 13 to 15 gm of each 
substrate sample were placed in each bag and incubated in the 
rumen in duplicate for 0, 2, 4, 8, 12 , 24, and 36 h. Time 
zero (T 0) samples were not incubated but mechanically washed 
for estimation of soluble material . Bags after rumen 
withdrawal were stored in a freezer and then washed according 
to Cherney et al . (13). After rinsing, bags and contents were 
lyophilized (Labconco Lyph-lock 12, Kansas City, MO). Dried 
residues were removed from bags, composited for each 
incubation period, ground through a cyclone grinder fitted 
with a 1-mm screen, and analyzed for CP (36), ADF, and NDF 
(86). 
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TABLE 8. Chemical composition of substrates used in the in 
situ trial. 
Hay CP ADF NDF 
% 
GH 1 14.32 51.95 73.03 
HA2 17 . 89 33.25 60 .07 
LA3 7.35 51.21 67.01 
1 Grass hay. 
2 High quality alfalfa. 
3 Low quality alfalfa. 
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RESULTS AND DISCUSSIONS 
Rumen Fermentation 
Treatment effects on rumen fermentation characteristics are 
shown in Table 9. Ruminal pH in cows fed the added YC was 
significantly (P < .05) lower when compared to the controls 
and YC + AO. This disagrees with other studies (56, 70, 93) 
in which the addition of yeast culture in diets resulted in 
increased ruminal pH (Figure 4). Ollermann et al. (65) found 
that diets supplemented with AO tended to decrease ruminal pH. 
Ruminal ammonia nitrogen (NH3-N) was significantly higher (P 
< .01) in cows fed YC compared to cows fed cotrol diet and 
added YC + AO. Total VFA concentration tended (P = .10) to 
increase in cows fed YC and YC + AO, but differences were not 
significant. The acetate/ propionate ratio was lower in cows 
fed the added YC when compared to control and YC + AO-fed 
cattle. Arambel et al. (7) reported that AO increased ammonia 
concentration as well as increased branched-chain VFA 
concentration in vitro. Van Horn et al. (84) and Harris et 
al. (38) reported reductions in rumen ammonia concentration 
with the addition of other fungal additives. Decreases in 
ruminal ammonia nitrogen concentration were reported by Adams 
et al.(l) when steers were fed a viable yeast culture. The 
reason for this decrease is not clear, but it could be that 
feeding supplemental yeast contributed to the supply of 
preessential isoacids needed for bacterial growth. Wiedmeier 
TABLE 9. Treatment effects on ruminal fermentation. 
Item 
pH 
NH3-N ugj ml 
Total VFA mmole/ L 
Acetate % 
Propionate % 
Butyrate % 
Isobutyrate % 
Valerate % 
Isovalerate % 
A:P ratio 
Control YC 
6.17 1 5.98b 
154. 34b 199.24 1 
87.67 96.02 
59.13 63.08 
14.47b 17.191 
10 . 77 12.01 
0.86 0.91 
1.20b 1.488 
1.25 1.35 
4 .16" 3 . sob 
YC + AO 
6.13 1 
179.51b 
88.58 
60.24 
13. 68b 
11.16 
0.87 
1. 24b 
1.40 
4. 411 
0.27 
7.79 
21.89 
14.79 
0. 39 
3.00 
0. 21 
0.38 
0.43 
0.53 
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a, b Means in the same row with different superscri pts differ 
(P < . 01). 
1 Standard error of the mean. 
I 
a. 
6 .5 .-----------------------------------------~ 
6. 
5.9 
5 .7 
-o- Control 
*YC 
5. 5 L-----------------------------------------~ 
TO T2 T4 T6 T8 T10 
Fi g u re 4 . Treatment effects on ruminal pH. Mean pH for 
YC was significantly lower than the control (P < .01) and YC 
+ AO (P < . 05). 
T12 
"' 0 
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et al. (92) and Quinonez et al. (70) reported that VFA 
concentration was unaffected by YC supplementation. A 
reduction in the rumina! acetate/ propionate ratio found in 
cows fed YC explains the lower milk fat percent found in 
cattle fed added yeast culture. Bauman et al. (9) observed 
that milk fat depression in lactating dairy cows is associated 
with a reduction in rumina! acetate/ propionate ratio from 
increased propionate production. The effects of YC and AO on 
microbial numbers are shown in Table 10. Total viable 
bacteria and cellulolytic bacteria tended (P = .15) to be 
higher in cows fed YC and YC + AO. Wiedmeier et al. (92) 
reported that a significant increase in rumen cellulolytic 
bacterial numbers when cows were supplemented with YC. The 
reason for this increase is not clear. However, YC could be 
supplying vitamin-B complexes or unidentified growth factors 
such as branched-chain VFA and peptides, which are required by 
most rumen cellulolytic bacteria. In our study, total rumen 
protozoa were not significantly affected by treatment. The 
definitive role rumen protozoa play in the rumina! ecosystem 
is not clear. Hungate ( 4 7) indicated that protozoa have 
potential for fiber digestion. However, they are not 
essential, and their role is small when compared with that of 
bacteria. 
Table 10. 
Rumina! digesta flow kinetics are presented in 
Rumina! liquid dilution and particulate rate of 
passage were unaffected by treatment. These results are in 
agreement with Harrison et al. (39, 40) . Wiedmeier et al. 
52 
TABLE 10. Effect of treatment on rumina! digesta flow 
kinetics and microbial numbers. 
Item Control YC YC + AO SEM1 
Liquid dilution 5 .45 5 . 26 5 . 98 0 . 62 
rate, %/h 
Particulate rate 2.65 3 . 03 2 . 89 0 . 56 
of passage, %/h 
Bacteria (Natural 
logjrnl) 
Total 20.83 21.08 21. 12 0.25 
Cellulolytic 11.77 12.84 12 . 51 1. 66 
Protozoa (Natural 13.39 13.30 13.42 0 . 75 
logfml) 
I Standard error of the mean . 
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( 92 ) did not observe a difference i n liquid dilution rate and 
pa rticul a te rate o f passage when cows were fed added YC and 
YC + AO. Howe ver, Adams et al. (1) and Malcolm and Kiesling 
( 56) reported that liquid flow rate was increased when steers 
were fed high concentrate diets containing YC . 
The effect of YC and YC + AO on apparent total tract 
nutrient digestibility is presented in Table 11. YC and YC + 
AO-fed c a ttle tended (P = .13) to improve digestibility of the 
structural carbohydrate fraction of the diet. These results 
agree with Arambel and Kent (5). However, Wiedmeier et al. 
(92) observed increases above controls in digestibility o f DM, 
CP, and hemicellulose when YC and AO were supplemented in 
ruminant rations. YC supplementation in ruminant diets 
provides stimulatory factors for rumen bacteria and AO 
produces cellulase enzymes. Yeast culture and fungal 
additives in diets can be beneficial by improving 
digestibility of the structural carbohydrate portion of the 
diet. In previous experi ments with lactating cows, 
sign i ficant increases were observed in digestibilities of CP, 
ADF, and NDF when cows were supplemented with YC and YC + AO. 
In our study, however, the increases in digestibility of CP, 
ADF, and NDF were small. The effect of YC and YC + AO 
add i tions on total tract apparent nutrient digestibility might 
have been diminished since cows in this trial were fed limited 
amounts of feed. 
Treatment effects on nutrients delivered to the duodenum 
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TABLE 11. Effect of treatment on total tract apparent 
nutrient digestibility. 
Item Control YC YC + AO SEM1 
CP 53 . 31 56.21 57.44 3.31 
ADF 54.75 59.48 56.95 6.95 
NDF 69.90 71.80 71.43 4.60 
1 Standard error of the mean. 
TABLE 12. Treatment effect on nutrients delivered to the 
proximal duodenum. 
Item Control YC YC + AO SEM1 
NH3-N, ugjml 69 .18 69.02 71.54 16.85 
CP2, % 21.68 23.51 24.40 2.69 
1 standard error of the mean. 
2 % dry duodenal solid samples. 
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are summarized in Table 12. YC and YC + AO-fed cattle tended 
(P = .24) to increase the level of ammonia-nitrogen in digesta 
reaching the proximal duodenum. 
In Situ Study 
Rumen ADF, NDF, and CP disappearance for all substrates, 
regardless of treatment, increased with time (Figure 5). 
Crude protein disappearance rate was highest (P < .01) when 
using high quality alfalfa hay as the substrate, with ration 
treatments having no effect on disappearance rate. However, 
with the low quality alfalfa substrate used, rate of 
disappearance was improved greatly in rumen fluid collected 
from cattle fed supplemental yeast culture and yeast culture 
plus Aspergillus oryzae. Rate of NDF disappearance was 
similar for all substrates. Grass hay and high quality 
alfalfa NDF disappearance rates were affected by cattle fed 
added yeast culture and yeast culture plus Aspergillus oryzae 
treatments. Olson et al. (66) reported an increased in situ 
CP disappearance rate when steers were fed a diet supplemented 
with yeast culture. 
Based on these results, it appears that low quality forages 
can benefit the most from added yeast culture and yeast 
culture plus Aspergillus oryzae. 
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CONCLUSION 
Milk Production Trial 
From the results in our study and those in the literature, 
it is apparent that yeast culture and Aspergillus oryzae can 
positively affect milk production, but response depends on 
production level of cows. Cows supplemented with the viable 
yeast culture and yeast culture plus Aspergillus oryzae had 
significantly higher body weight gains than the control 
animals. A significant increase in nutrient digestibility was 
observed from cows fed the added yeast culture and yeast 
culture plus Aspergillus oryzae. A slight increase in dry 
matter intake was observed in cows fed yeast culture and yeast 
culture plus Aspergillus oryzae, but differences were not 
s i gnificant. Percent milk fat was significantly lower in cows 
supplemented with yeast culture and yeast culture plus 
Aspergillus oryzae. Percent milk protein was significantly 
lower in cows fed yeast culture and yeast culture plus 
Aspergillus oryzae. Percent milk lactose was significantly 
higher in cows fed added yeast culture when compared to cows 
fed the control and diet supplemented with yeast culture plus 
Aspergillus oryzae. Percent SNF was significantly higher in 
cows fed yeast culture and yeast culture plus Aspergillus 
oryzae when compared to the controls. Mean daily 4% FCM was 
s i gnificantly lower in cows fed yeast culture and yeast 
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culture plus Aspergillus oryzae. 
It can be concluded that supplementation with yeast culture 
with or without Aspergillus oryzae in diets for dairy cattle 
may be beneficial when cattle are under stress, such as during 
early lactation. The effect of fungal additives can be 
enhanced when animals are fed a poor quality forage. 
Rumen Fermentation Trial 
Unsupplemented cows had significantly higher mean rumen pH 
when compared to yeast culture-fed cows. Total VFA 
concentration was higher for yeast culture-fed cows. This 
increase in total VFA concentration would explain a decrease 
in mean rumen pH. Cows supplemented with a viable yeast 
culture had significantly higher levels of ruminal ammonia-
nitrogen than nonsupplemented and yeast culture plus 
Aspergillus oryzae-fed cows. The bacterial population was 
unaffected by treatment. Total tract apparent digestibility 
of CP and NDF was higher for yeast culture-fed animals. 
Cattle fed yeast culture and yeast culture plus Aspergillus 
oryzae had higher apparent nutrient digestibilities when 
compared to the controls. 
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